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WIRELESS COMMUNICATION UNIT AND LINEARISED TRANSMITTER 

CIRCUIT THEREFOR 

Field of the Invention 

5 

This invention relates to a radio transmitter in a 
wireless communication unit. The invention is applicable 
to, but not limited to, a training mechanism to configure 
a radio tranamitter that employe a linearisation 
10 technique to provide a stable, linear output. 

Background of the Invent:! on 

Wireless communication systems, for example cellular 
15 telephony or private mobile radio communication systems, 
typically provide for ra:dio teleconununication links to be 
arranged between a plurality of base transceiver stations 
(BTSs) and a plurality of subscriber unite, often termed 
mobile stations (MSs) . The term mobile station generally 
20 includes both hand-portable and vehicular mounted radio 
units • Radio frequency (RF) transmitters are located in 
both BTfls and MSs in order to facilitate wireless 
communication between the communication units. 

25 in the field of this invention, it is known that 
continuing pressure on the limited radio spectrum 
available for radio communication systems is focusing 
attention on the development of spectrally efficient 
linear modulation schemes. By using spectrally efficient 

30 linear modulation schemes, more communication units are 
able to share the allocated spectrum within a defined 
geographical coverage area (communication cell) . An 
example of a digital mobile radio system that uses a 
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linear modulation method, such as n/4 digital quaternary 
phase shift keying (DQPSK) , is the TErrestrial Trunked 
RAdio (TETRA) system, developed by the European 
Telecommunications Standards Institute (ETSI) . 

5 

Since the envelopes of these linear -modulation schemes 
fluctuate, intermodulation products can be generated in 
the non-linear radio frequency power amplifier (s) - 
Specifically in the digital mobile radio (PMR) 
10 environment, restrictions on out-of-band emissions are 
severe (to the order of -60dBc to ~70dBa relative to the 
power in adjacent frequency channels) . Hence M linear 
modulation schemes used in this scenario require highly 
linear transmitters . 

15 

The actual level of linearity needed to meet particular 
out-of-band emission limits, is a function of many 
parameters, of which the most critical parameters are 
modulation type and bit rate. Quantum processes within a 
20 typical radio frequency (ftp) amplifying device are non- 
linear by nature. Only a straight line may approximate 
the transfer function of the amplifying device when a 
small portion of the consumed direct current (DC) power 
is transformed into radio frequency (RF) power, i.e. as 
25 in an ideal linear amplifier case . This mode of 

operation- provides a low efficiency of DC to RF power 
conversion, which is unacceptable for portable units. 



The emphasis ;ih portable JPKte. equipment is to increase 
30 battery life. Hence, it is imperative to maximise the 
operating efficiencies of the amplifiers used. To 
achieve both linearity and efficiency, so called 
linearisation techniques are us^d to improve the 
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linearity performance of the more efficient classes of 
amplifier, for example class AB, B or C amplifiers. One 
such linearisation technique, often used in designing 
linear transmitter a, is Cartesian Feedback. This is a 
1 closed loop' negative feedback technique, which sums the 
baseband feedback signal in its digital *I' and *Q' 
formats with the corresponding generated l I' and »Q' 
input signals in the forward path. This v closed loop' I- 
Q combination is performed prior to amplifying and up 
converting the input signal to its required output 
frequency and power level. The linearising of the power 
amplifier output requires the accurate setting of the 
phase and amplitude of a ^feedback signal. 

15 Details of the operation of such a lineariser is 

described in the paper "Transmitter Linearisation using 
Cartesian Feedback for Linear TDMA. Modulation" by M 
Johansson and T Mattsson 19 51 IEEE. 

- 20 The lineariser circuit optimises the performance of the 
transmitter, for example to comply with linearity or 
output power specifications of the Communication system, 
or to optimise the operating efficiency of the 
transmitter power amplifier. Operational parameters of 
25 the transmitter are adjusted to optimise the transmitter 
performance and include as an example, one or more of the 
following: amplifier bias voltage level, input power 
level , phase shift of the signal around the feedback 
loop. Such adjustments are performed by say, a 
30 microprocessor. Due to the sensitivity o£ Buch 

transmitter circuits, a range of control and adjustment 
circuits and/ or components are needed so that a linear 
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and stable output signal can be achieved under all 
operating circumstances - 

All linearisation techniques require a finite amount of 
5 time in which, to linearise the performance of a given 
amplifying device. The x linearisation' of the amplifying 
device is often achieved by initially applying a training 
sequence to the linearis er circuit and the amplifying 
device in order to determine the levels of phase and gain 
10 distortion introduced by the linearisation loop and the 
amplifying device. Once the phase and gain distortion 
levels have been determined, they can be compensated for, 
generally by adjusting feedback components /parameters. 

15 To accommodate for such, linearisation requirements, 
communication systems typically allocate specific 
training periods for individual users to train their 
transmitters. The TErrestrial Trunked RAdio tTETKA) 
standard includes a time frame, termed a Common 

20 Linearisation Channel (GLCH) as is described in UK Patent 
Application No. 9222 922.8, to provide a full-training 
period approximately once every second. OSie CLCH frame 
allows a radio to * train' prior to gaining access to the 
system. However, a radio having to wait up to one second 

25 before training and then accessing the system is 

undesirable. To assist this significant delay in call 
set-up times, and also provide an additional period for 
fine tuning a radio 9 e 1 output characteristics, due to 
changes in temperature, supply voltage or frequency of 

30 operation, a reduced training sequence has been inserted 
at the beginning of each TBTRA traffic time slot for the 
radio allocated that slot to perform a minimal amount of 
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training or fine turdJig. This 
phase training. ' 



An example of such a draining 
Patent No. 5,066,523 <pf MgtoroL 
training scheme where! the phas 



3equence is described in US 
La Inc . , which describes a 
s a of the amplifier is 
adjusted in an * open-loop ' > iABda and the gain of the 

loop is closed. 



amplifier is adjusted' when the 
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period may be used for 



During phase training} the Carbesian feedback loop is 
configured to be % open loop 7 , i.e. a switch is used to 
prevent the fed-back signal fram being, combined with the 
signal routed through! the transmitter circuit. In this 
regard, in a phase training mode of operation, a positive 
signal is applied to the I-ahaLnel input. The phase 
shift around the loopj is measured and, in response to the 
measured I -channel phase shift 



the phase .around the loop 
on both the * I' -channel and th^t <Q' -channel is adjusted 
by a phase shifter. j 

j 

PIG. 1 illustrates a phase diagram ioo with a perfect i/Q 

degree phase difference 
the Q-charmel 110, The 
positive baseband signal 
-channel. Phase training 
signal before switch 426 
Vfq 455- A successive 



20 



quadrature balance, i[e. a 90- 

between the I - channel I 120 and 

I 

Cartesian loop is opened and a 
25 applied to the input of the 'I 
control circuitry monitors the 
on the Q channel - indicated a 



30 



approximation register (SAR) pbase training algorithm 
controls the phase shifter and minimises the Vfq voltage. 
At the end of the SAr| algorithm, phase training corrects 
the loop phase by an angle J5 . A voltage value prior to 
the switch on the Q channel is then reduced close to 
zero. The same process is repeated for a negative 
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baseband signal input to the 
results from both the positi 
applied to the I -channel are 
the phase around both the I- 
channel loop. 
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and negative training 
averaged and used to adjust 
iknnel loop and the Q- 
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The inventors of the present 



and appreciated that, 



invention have recognised 



in prabtice, the perfect I-Q 30- 



degree relationship ia rarely 



achieved. This imbalance 
results from the various component tolerances within the 

An unbalanced phase 
relationship 200 is iMustratei in FIG* 2, Here, Q' is 



the actual loop's quadrature 

deviates from the ideal Q axia 

j 

Again Vfq is minimised using! Q 



From FIG. 2, we can s4e that| ikstead of correcting the 

I 

loop phase- by p degrees 230, 1 the phase training process 
has corrected the loop phase) by p-a degrees 340, This 
means that phase training provides a result t ha t is 



axis 210. The Q' axis 210 
110 by a degrees 220. 
axis 210 as quadrature. 



With reference to FIG. 4, 



inaccurate by <x degrees 22 0. 
the I/Q imbalance a may be in the forward 43 6 or feedback 
422 I/Q generator. For exanpls, the feedback I/Q 



generator 422 may shi;:t the EiO 
instead of an ideal 90 degress 



The inventors of the present 



1 

that any quadrature imbalance 
linearised signals during th=s 
Cartesian loop transmitter mky 



phase by 90 -a degrees, 



invention have identified 
in the generation of 
training sequence of a 
cause significant phase 
training errors. Accurate phase training is a critical 
stage in the linearisation of such transmitter circuits, 
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as the phase accuracy- 
stability and wideband 



ILA . 



Thus, there currently exists a 
improved transmitter < circuit, 
mechanism for improving phase 



i 

i 
■ 

has a 
noise. 
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substantial effect on loop 



the abovementioned disadvantages may be alleviated. 



Statement of Invention 



In accordance with a ::irstjasp 
invention, there is provided a 



unit 



The feedback loop 
The forward path 



linearised transmitter having 

amplifier and a feedback looo, 

J ' 

power arrplifier and the forward path, 
comprises a loop adjustment function, 
and feedback loop comprise! quadrature circuits- A 
processor applies a first training signal to a first 
quadrature circuit loop for routing through the forward 
path, power amplifier and feedback path to determine at 
least one first parameter getting of the loop adjustment 
function. The prpceai-jor additionally applies a second 
training signal to a isecond quadrature circuit loop to 
determine at least a Wconji parameter setting of the loop 
adjustment function. 



need to provide an 
and in particular a 
-raining accuracy, wherein 



ict of the present 
wireless communication 
The wireless communication unit comprises a 

a. forward path, a power 
operably coupled to the 



Preferably, the first training 
tra-ining signal have isubgrtan- 
paramatera, for example where 
signals. In this regard, the 
a phase shifter for adjusting 
and second quadrature) circuit 



signal and the second 
.tidily the same signal 
they are 1 phase training 
loop adjustment function is 
l phase shift in the first 
oops. A phase calculation 
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function, operably cQiipledlto the phase shifter, 
calculates a phase shift ±i each of the first and second 
quadrature circuit lo£ps, thereby determining an 
imbalance therebetween. 




In th±B maimer, by applying a training signal to both 

I i 

quadrature loops, any.I/Q :jm£alance in the respective 
loops will not influence tiie .loop phase that will be 
calculated using the invenl.i^te concepts described herein. 



In accordance with a ©econtiS aspect of the present 



invention, a radio frfeguenily transmitter integrated 

ii 

circuit is provided, as- claimed in Claim 9. 

" II 

15 In accordance with a third 'aspect of the present 



invention, a method of training a linearised transmitter 



is provided, as claimed in 

! . 



iClaim 10, 



In accordance with a tovurtli aspect of the present 
invention, a storage mediup is provided, as claimed in 



Claim 12. 



Further aspects of the invention are provided in the 
dependent claims. 

Brief Description of the Drawings 

FIG. 1 snows a phase cWLagrsirf of an ideal I-Q relationship 
in a feedback loop of! a liriear transmitter arrangement; 



30 and 



i 



31/03 '03 15:01 PAX 0125B 811319 




10 



15 



30 



MOTOROLA 



- s - 



FIG, 2 Shows a phase diagram 
relationship in a feedback 



arrangement „ 



5 Exemplary embodiments i of the present invention will 

I r ' 

be described/ with reference 'to the accompanying 



drawings, in which: 



S 
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of an unbalanced I-Q 
loop of a linear transmitter 



now 



FIG. 3 illustrates a 6lock 
communication unit adapted 



inventive concepts of pa preferred embodiment of the 



present invention; 



FIG. 4 illustrates a block 



Idiagram of a wireless 
[to* support the various 



jdiagram of a linearised 



transmitter topology idapte^d in accordance with the 
preferred embodiment <pf the present invention; 



FIG- 5 illustrates a flowchart of a linearisation 

i j 

training process in accordance with the preferred 
20 embodiment of the present invention? and 



i 
i 

i 

PIG. S illustrates a phase 
relationship modified!! in a 



transmitter arrangement according to the preferred 



diagram of an unbalanced I-Q 
feedback loop of a linear 



25 embodiment of the present 

i 



: Invention. 



Deddription of Preferred Embodiments 



F 



» i 



5 

Referring now to FIG,j3> a jfolock diagram of a wireless 
communication unit 3Qj& adapted to support the inventive 
concepts of the preferred embodiments of the present 



invention, is illustrated. 



wireless communication unit 300 is shown as divided" into 



For the sake of clarity, the 
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two distinct portions 
transmitter chain 325 

The wireless connnunio 



- a r 



unit 3 00 contains an antenna 
_ aferably coupled to an antenna 
switch 304 that provides signal control o£ radio 
frequency (RP) signals in phei wireless communication unit 
300, as well as isolation. 



and transmitter chain 325. 
304 could be replaced with 
duplex communication mnits 
the art . 
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eceiver chain 305 and a 



between the receiver chain 305 

Clearly, fche antenna switch. 
(J a duplex filter, for frequency 
las? known to those skilled in 



For completeness, the jjrece^ver 305 of the wireless 

communication unit 30<D wiial be briefly described- The 

F || i 

receiver 3 05 includes! a receiyer front -end circuitry 3 06 
(effectively providing reclption, filtering and 
intermediate or base-Sand frequency conversion) . The 
front-end circuit 30S|is serially coupled to a signal 
processing function (Aenfer^lly realised toy at least one 
digital signal processor (lisp) ) 308. A controller 314 ie 



operably coupled to the front rend circuitry 305 so that 



II 



the receiver can calculate | 
or frame -error -rate (PER) 



receive bit -error-rate (BER) 

i 

r similar link-<juality 



The RSST 312 function 



ip 



like, as well as amplitude 
linear and stable output. 



measurement data from! recovered information via a 
received signal strength indication (RSSI) 312 function. 



, o| erably coupled to tbe front - 
i 



end circuit 306 • A memory J dejrice 316 stores a wide array 
of data, such as decoding/ -needing functions and the 

•janh phase settings to ensure a 
*A timer 318 is operably 
coupled to the controller 314 to control the timing of 
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operations, namely th^ transmission or reception of time- 
dependent signals. 

As regards the transmit chain ; 325, this essentially 
includes a processor 32a; l.ineariser circuitry (including 
transmitter/ modulation cirjcu:ltry) 322 and an -up- 
coiiverfcer/power amplifier 324 t • The processor 328, 
lineariser circuitry ^22 ] 
amplifier 324 



tLhe up-comrerter/power 
lly responsive to the 



1 . Ji 
operatic* 

controller 314 , with an ouljput from the power amplifier 
324 coupled to the anterbiaj' switch 304. A feedback: 

circuit includes a do\m- converter 332. which farms 

1 I 

r circuitry 322 power 



together with the linearis 
amplifier 324 and diriictioji 
Cartesian feedback loop to 
transmitter output. 



Prior to transmitting 
transmitter of the pr£fe; 
algorithm, to determine ap; 
adjustment parameters 
Notably, the preferred' emb| 
invention proposes a rpeci 
of the phase training 
training algorithm deicrib 

i 

of Motorola Inc., which is 

I : i 

reference. The proposed] ml 
within the loop to be 



al 



ensure a linear T stable 



coupler 342 a real-time 



real 'data, the linearised 



t 

d employs a training 
ropriate gain and phase 
toje^sujre a stable, linear output, 
diment of the present 
ism that improves an accuracy 
e^inple utilising the phase 
d in. US Patent No. 5, 055,923 
incorporated herein by 
ch^nism enables I/Q imbalances 



•fori 



compdns&ted for. 



30 Although the preferred eriib ^diment of the present 

invention is describe^, witj^ reference to phase training, 
it is envisaged that the inventive concepts are equally 
applicable to any othfer training signals that can be 



1 I ! 
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routed around the resrie&tii 

; i ; jj, 

imbalances therebetweeja, ;f©r 
training signals. 



5 FIG. 4 shows a more detailed 





400, adapted to Support jfc£e 
present invention. T^ejeoi 
context of a phase training 
configuration is used, 1 wiijn 



. ii.„ 

A phase training signal" .'fa 
input to the I channel 402$ 
not combined with anyiotl] 
404, as the circuit has i 
operation by controlling ! s$ji 
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quadrature loops to identify 
example using amplitude 
I 



^artesian loop configuration 
preferred embodiment of the 
figuration is described in the 
process f but clearly the same 
transmitting real data. 



^xample a sine wave, is 
pie phase training signal is 
signal in summing junction 

arranged for open- loop 
t£hes 424 and 426. The input 
signal is then input toja gjajin and low-pass filter block 
406 where it ie amplified 'Ikdi filtered. The amplified 

jjrted by mixing it with a 



input signal is then liipTCO 

signal from local oscill4tdr| 440 in mixer 4QB. The up 



20 converted signal is tHen 



412, where a portion c 



back via directional qcrapllhq 414 



The fed back signal is 



25 418, where it is mixed ^it 
of a signal from the lociuL 
phase shift is controlled* 
adjustment function 46 oj 

Notably, in accordance 
the present invention) 
is now applied to the 



rluli 



r 

1 I 



training signal, preferably tji" 



yiti 
a 
■Q 



ted to the RF amplifier chain 
anplif ied RP signal is fed 



to down-conversion mixer 
phase-shifted 442 version 
siillator 440. The amount of 
phaee calculation and 



tjie preferred embodiment of 

■'lu ! 

s£dojid phase training sequence 
q^tiannel input 43 0 



The phase 
ie same sine wave, is input 
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to the Q-charmel. Th 

combined with any other JJIJna: 

J 5 Kill' 

as the circuit has been J ^ 
by controlling switches 
signal is then input |o 
434 where it is anrpli 



input signal is then ftp 
ninety- degree 436 phase 

signal from the local 

up-converted signal is tl|Lfl 
chain 4 12, where a po^rtj 
fed back via direction] 

The fed back signal iiiijrjju; 
420, where it is mixed 
of the local oscillator 
version of the local lab 
phase shifted by nine|yi 
ideal I-Q quadrature 



3jna, 



at 



re 



of phase shift is again] 
calculation and loop aciji 



1 
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graining signal is not 
in summing junction 432 , 

for open- loop operation 
I 425. The 'Q' input 
and low-pass filter block 
filtered. The amplified 
e^ted by mixing it with a 
representation of a 
440 in mixer, 43 S. The 
rduted to the RF amplifier 
the amplified RP signal is 
er 414. 



In this manner, the p]ia 
loop and the Q-channe;/ ; 
respective phase-shif fs 
compensated for by ap; 
shifter, under control m 

3 ' 

adjustment function 4€0 

It is envisaged that 
mechanism is preferably 
processor function. Moire 

h 

concepts may be implemente 



to down- conversion mixer 
phase -shifted 442 version 

The phase-shifted 
r signal has been further 
s 422 to account for the 
the circuit. The amount 
trcjlled by the phase 
t function 460 . 

.:jt of both the I -channel 
are measured. Once the 
ieen calculated, they 
4te adjustment of the phase - 
phase calculation and loop 



ore mentioned training 
lenented using a signal 

j 

enejrally, the inventive 

a wirelesB communication 



31/03 '03 15:02 FAX 01256 811319 



10 



15 



unit in any suitable 
or adapting a processor 
unit. For example, a 
conventional wireless 
alternatively existing 
coramuni cation unit ma' 
rep rog z riumi i ng one or 




n 



er 



isrts 
adai 



the required adapt at i&]ij:iM:jj 
processor- intplementabli J Iil^ 



medium, such as a flopp 
read-only memory (PRO 
any combination of th4L 

I 

In summary, the prefei: 
illustrated in the fl 
linearisation trainin 
training signal, for 
input to a first quadra 
channel loop, in stepj 5 
20 the phase training sig:ia 



14 



jftr example by re -programming 
th< wireless communication 

pbrodes sor may be added to a 

« | J 

LiMiaation unit, or 



idisk 




tfrrctions stored on a storage 



hard disk, programmable 
jrdndom access memory (SAM) or 



jihase training process is 



then measured in step 
example the same phase 
a second quadrature loop 
loop, in step 520. The 
25 phase training signal 
measured in etep 520. 
then calculated, in s 1 : 
compensated for by appr 
shown in step 530, to 
30 accurately controlled 

complete as shown in sjt^p 



ot 



r 
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f a conventional wireless 
ted, for example by 
roqessore therein. As such 

implemented in the form of 



tier storage media. 



A 
is 



00 of PIG. 5. The 
pfocesj. commences in step 505. 
:arooie k, phase training signal, 
:J !l( iop, for example the 

Tl.e phase shift exerted upon 
alr^und the *l' channel loop is 
training signal, for 
n signal, is then input to 

example the *Q' channel 
shift exerted upon the 
he *Q f channel loop is then 
ipective phase shifts are 
The phaB© shifts are then 
loop phase adjustments as 
he loop phase shift is 
training process is then 



>35 
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It is within the c °nt||jp||tiavof the invention that the 

aft i^r performing both the I- 



phase shifter is adjue* 
channel phase training; 
However, it i& envisa 
phase -shifter may be 
calculation has been 



Thus, a primary distimgu 
invention is the applafaal 



second training sequen ce, 
envisaged that, for ot: 
or linearisation tech; 
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lhe.Q- channel phase training. 
|in some circumstances the 
itjjjd jaf ter each individual phase 



ihn.ni^ ( . feature of the present 
on iaf two training signals* a 



10 first training aequrac^jtam fahdj 5 ■ I -channel followed by a 



to. t 



ie Q-channel. It is 



linear transmitter topologies 
s||; ^ training sequence , for 
example phase traininM:[:||i , |he'.. <i' channel and the ^Q' 
channel may be performed, 
successively. It is a! is 

. . P in 

training sequences : one! \ 
Q-channel , may compris!=j 
training and/ or ampli 



Referring now to FIG- 

unbalanced I-Q relatio;i 

/ ' j » jjii jjii | ii 

phase has been modi fie u» .jfch 
linear transmitter aryl 
embodiment of the pre 
be seen that when phal^' 
the channel, the pljfe 



jiinnijLtaneously, rather than 
envisaged that the use of two 
>r; ta^ I -channel and one for the 
yj. combination or order of phase 



ifrn ntio11 

?!iffi a ^ n ^3 is being performed on 
»:Jp correction is p-a 240. 



The second *Q' channel,; 
setting used before p 
training, now, when 
the Q' channel, the co 



•base diagram 600 of an 
is' illustrated, whereby the 
a t feedback loop of the 
z according to the preferred 
From FI6. 6 it can 



if 

>P|;pHase is set to the phase 
iljlng the 1- channel phase 
irpining is being performed on 
lotion is p+a 620. 



mmmmmmmmmm 
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From the above calculi 
the correct loop phas< 
there is a quadrature | 

In summary, a new pha 
of errors in a Cartes 
has been described, 
concepts provide a inee 
generator imbalances 
Advantageously, I -Q ± 
feedback quadrature g< 
for, both of which inl 
calculation. Further*] 
and backward quadratui 
compensated for, it i~ 
components with a redi 

It ia envisaged that i 
utilise the inventive 
For example/ it is eirj 
linearised transmitter? 
the aforementioned tr 
method of training co 



lis possible to calculate 
$j>n needed p 230 even though 
iEai;i.ni:^ in the loop. 



Advantageously, the i 
invention provide a si 
manufacturers of line^ 
compensating for quads 
accuracy of a training ' 
within the COTtemplaticin 



alternative linearisat; 
inventive concepts del 



r , l 

i:L:ig 

U r 
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method for* elimination 



ifeednack loop linear transmitter 

Id j r j: i • 

\f Element ioned inventive 

£<pr compensating quadrature 
£h<5 transmitter. 

of both forward and 
. ]T7 ;3irau±ts are compensated 
!jnGe||JLh.e phase adjustment 
5 II" ' 

ML • 
sneratjor circuits are 

|3aji.bL 5 to use less expensive 

>iaranee and performance. 



imbalances in the forward 



jgr^eji circuit manufacturers may 
hereinbefore described, 
itet a radio frequency 
ated circuit (IC) containing 



incorporated into a wjjrejts snibmrminication unit, 

it II 




j^t ier ' circuit arrangement and 
auf actured to be 



loncepts of the present 
&j| benefit to the 
4:cknsmitter circuits, by 
imbalance by improving the 

For example, it is also 
thfe invention that 

j; i >||j| | | ; 

|?« techhiques can benefit from the 



herein. As an alternative 
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to us ing Cartesian f e 
lineariser may be ada 
• alternative embodimen 
Nagata described an 
5 transmitter conf igura 
^Linear Anqplif ication 
Communications" . 

However, ±t is within 
10 that the transmitter 
embodiment of the pre! 
wireless transmitter 

Furthermore, it ia wif 
invention that the v*i 
the linearised transmf 
communication device, 
radio , a mobile phone 
wireless laptop compu' 
the inventive concept! 
to upe in subscriber I 
in other communicatiof 
equipment . 



15 



20. 



25. 



E 



30 1 



It will be understood 
unit and linearised t 
above , tend to provid 
following advantages 

(i) Improved 3 
stable output of the 

(ii) The imprJ 
corrupted by the I/Q 
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pre- distort ion form Of 
•implement the preferred or 
present invention, 
a suitable pre-distortion 
le 1989 IEEE paper titled 
qfi* for Digital Mobile 



fcfemplation of the invention 
?ation of the preferred 
tekfcion may be applied to any 



th^J •contemplation of the 
Is cfpFmunicafcion unit employing 
isiy be any wireless 

a portable or mobile PMR 
^oxal digital assistant, a 

It is also envisaged that 
^iRFP* k^ 3 ^ 1 * 1 are not limited 
but may also be utilised 
ich as base station 



EC 



:He wireless communication 
:tjer circuits, as described 
b : one or more- of the 



: ra;.ning resulting in a more 
s4i transmitter circuit, 
yhase training result is not 



orp phase imbalance. Hence , 
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reduced tolerance cor 
generators . 

(iii) „ Irapro^ 

better wideband n °is®||H^ ^ U€ ' fc o mote accurate 

ph^se training. 



Whilst specific, and 
present invention are 
one skilled in the arfj 
variations and modifi 

Thus, a wireless cor 
transmitter topology 
been described that s 
associated with known! 



i 



ipjm be used inf the loop I/Q 



'Si 
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draining re suite in a 



li, 



implementations of the 
tjjjeii above/ it ils clear that 
|:Bj9adily apply further 
of such inventive concepts 



if! 



vnit with a linearised 
jved training mechanism have 



I.^lly addree^es: the problems 
ad transmitters. 
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Claims 

l. A wireless co 

linearised transmitte 

a forward pat 
transmitted ; 

a power ampli 
linearised radio si 

a feedback lo 
amplifier (324) and t 
adjustment function ( 
feedback loop cortipris. 

a processor { 
signal to a first qua 
through the forward p 
path to determine at 
the loop adjustment £ 
the wireless eommunic 
said processo 
second training signa 
loop to determine at 
of the loop adjustmen 

2. The wireless 
to Claim 1, wherein tl 
is further character!* 
and said second traia 
same signal parameter^ 
training signals. 

3. The wireless 
to Claim 2 further 61 
function being a phas<; 
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l- 



oh unit (300) j con^prising -a 

ii • 
a-vring 5 . j 

ting a signal; to be 

i 

i i 

for transmitting a 
i 

I 

>ly coupled t<b the pother 
gpath, comprising a loop 



fJfffifjF^^ the forward path and 
;&re circuits ; j and 

r 

applying-- a first training 
.rjcuit loop fpr routing 

Wplifier and feedback 
first parameter setting of 

£ ;(200) characterised by; 
Sjing opeirablej to apply a 
cqnd quadrature circuit 

i I , I 

I second parameter setting 
'(442) 



ipn unit (200) according 
•s communication unit (200) 
d first training signal 

having substantially the 
Lmple where they are phase 



tion unit {200} according 
ed by the loop adjustment 
(442) for adjusting a 
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phase Bhift in the 
loops . 

4. The wireless 

to Claim 3, wherein 
is further character: 
(460) , operably coupl 
calculate a phase 
quadrature circuit 

imbalance therebetwee: 

31 



1<4 



i 



5. The wireless 
to any preceding claij 
communication unit ( 
processor (322) appl 
the linearised tra: 
training signal, 

6. The wireless 
to any preceding CI 
linearised transmitt 
linearised transmittal 
applied to a real- 



7. The wireless 

to any preceding claii 

t> 

communication unit i& 
communication system 

8* The wireless 

to any preceding Clai 
communication unit is 
transceiver station. 



8*1 



1:1 1- 

it « 

j'i 
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ii » 



!!.. 



t 



4 



tatfcond quadrature, circuit 



, !ion unit (300) according 
fes communication, unit (300) 
I^iase calculation function 
a .phase shifter "(442), to 
i 'of the first and second 
'pjy ascertaining ail 



jtion unit (300) according 

n the wireless 
•ther characterised by said 
irst training signal to 

or to applying said second 



i 

t l ion unit (30 0) according 
^'characterised" by the 
^■'Cartesian feedback 
t said adjustment is 
fj^ilc • loop . 



i 



ion unit (3 00) according 
ja j said wireless , 
operation on a 



tion unit (3 00) according 

i 

rr^pLin said wireless 
briber unit or a base 
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9. A linearised 

comprising : 

a linearised 
linearised radio si 

a forward pa 
routing a signal to 
coupling to a power 
linearised radio si 

a feedback 
path and for operablei; 
amplifier (324) , wherjf 
loop adjustment func 
and 

a processor 
feedback loop for ap; 
first quadrature cir< 
integrated circuit 
power amplifier (324 
least one first par 
function (460), 
the linearised trans 
characterised by: 

said process 
signal to a second 
transmitter integrate 
second parameter sett} 
(460) . 



N 
to- 



0 



I'l 
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efcri integrated circuit (320) 
ep for transmitting a 



TCDUL1 



quadrature circuits for 

■ ^ , 

ted and^ for operable 
324) for transmitting a 

Sly coupled to the forward 
it^o an output of a power 
2'edback loop comprises a 
iand quadrature circuits; 

;ably coupled to, the 
[rst training signal to a 
jjih the linear transmitter 
'through the forward path, 
•sick path to determine at 
:ng of the loop adjustment 
f ' 

^grated circuit (320) 

flying a second training 
Ircuit loop in the linear 
to determine at, least one 
[loop adjustment function 
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10. A method of 
(325) having a forw, 
a feedback loop comp; 
wherein the forward 
quadrature circuits 

applying a : 
through a first qua 
path, power amplified 

determining 
for the loop adjust 
training signal, 
the method character^! 

applying a se 
quadrature circuit 1 
amplifier and feedba 

determining i 
the loop adjustment . 
signal . 

11. The method of 

(325) according to C 
characterised by the 
adjustment function 
first training signa 
second training sign 




12. A storage me< 
instructions or data 
method Claim 10 or C! 

13 • A wireless ceil 

as hereinbefore descr. 
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linearised transmitter 

i 

jppower amplifierj (324) and 
.©op adjustment function, 
feedback loop comprise 

con^rising the, steps of: 
Jng signal to b§! routed 
rcuit loop of the! forward 

jack path; and j; 
sne first parameter setting 
.on based* on the first 



ls steps of 5 ; 
aing signal to aj second 
forward path, power 



L :li 1 

e'cond parameter ^setting for 
ised on the second training 



^jijigra linearised transmitter 
^ ' s method further 
adjusting said lpbp 

determination miade on the 
termination made on the 



3#aHk|g processor- implement able 
perform the steps of 



m unit (300) substantially 
iffli • reference to, and/or as 
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illustrated by, FIG. 
drawings . 

14 , JL method of 

5 (500) substantially 
reference to, and/or 
accompanying drawings 



IPtoi 
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4 of tlie accompanying 



linearised tre 



it her 



ansmi 
fore described -frith 

:■• . i 

at^d by, FIG. 5 J of the 
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WIRSIiESS COMMUNIC 



A wireless . communicat 
linearised transmit fc 
power amplifier (324) 
coupled to the power 
path. The feedback 
function (442), and 
comprise quadrature 
a first training si 
loop for routing thr 
amplifier and feedba 
first parameter sett 
(442) . The proceaso 
training signal to a 
determine at least a " 
adjustment function 
integrated circuit 
described . 

In this manner, by paj 
applied to a first qtl 1 
second training eigne L 
circuit any loop imbc 11 
*Q r paths around the 
for. 

{PIG. 4 to accompany 
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afot 



|fiKD LINEARISED TRANSMITTER 



CHEREFOR 



6300) comprises , a 

Jiaving a forward 'path, a 

feedback loop J, operably 

:|(324) and the forward 
I _ * 1 1 

ses a loopj adjustment 

path and fceedbick. loop 

|a processor (32p) applies 

irst quadrature .circuit 

orward path., power 

determine at least one 

loop adjustment) function 

djo applies a second 



idrature circuit- 



loop to 



jamsfcer setting 1 of the loop 

linearised transmitter 

L . . i 
or training, are; also 



a first training signal 
j[l) circuit- loop and a 
to a second quadrature (Q) 
bzx the digital V I' and 
loop can be. compensated 
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Fie. 4 



*I' channel 
input 




416 



*Q' channel 
input 



open/close 

loop 
switch. % Q' 
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505 



Start 
training 



Apply . 
signal 



Measu 
around 



Apply 
signal 



535 



MeasuH 
around 



Stop 
training 



if y. 

61 loop 



210 
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525 
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